Linear transducer arrays are readily available for ultrasonic detection in photoacoustic computed tomography. They offer low cost, hand-held convenience, and conventional ultrasonic imaging. However, the elevational resolution of linear transducer arrays, which is usually determined by the weak focus of the cylindrical acoustic lens, is about one order of magnitude worse than the in-plane axial and lateral spatial resolutions. Therefore, conventional linear scanning along the elevational direction cannot provide high-quality three-dimensional photoacoustic images due to the anisotropic spatial resolutions. Here we propose an innovative method to achieve isotropic resolutions for three-dimensional photoacoustic images through combined linear and rotational scanning. In each scan step, we first elevationally scan the linear transducer array, and then rotate the linear transducer array along its center in small steps, and scan again until 180 degrees have been covered. To reconstruct isotropic three-dimensional images from the multiple-directional scanning dataset, we use the standard inverse Radon transform originating from X-ray CT. We acquired a three-dimensional microsphere phantom image through the inverse Radon transform method and compared it with a single-elevational-scan three-dimensional image. The comparison shows that our method improves the elevational resolution by up to one order of magnitude, approaching the in-plane lateral-direction resolution. In vivo rat images were also acquired.
INTRODUCTION
Photoacoustic computed tomography (PACT) is an emerging imaging modality that ultrasonically breaks through the optical diffusion limit by combining both optical contrasts and ultrasonic spatial resolutions. 1 To accelerate imaging speed, PACT usually uses many transducer elements configured at different positions to detect photoacoustic waves, and then reconstructs an image using advanced algorithms. Although curved transducer arrays, such as ring-shape arrays 2, 3 and spherical arrays 4 , can obtain high-quality PACT images, they are usually customized and expensive. Moreover, they need accessibility from multiple sides of the target. In comparison, one-dimensional (1D) linear transducer arrays can form images from just one side of the sample. They are readily available at low cost, and offer hand-held convenience. However, conventional three-dimensional (3D) images acquired by linear-array PACT through linear scans along the transducer's elevational direction have low image quality due to anisotropic spatial resolutions. Here, we define the axial resolution as the spatial resolution along the acoustic axis, the lateral resolution as the spatial resolution along the row of elements of the array, and the elevational resolution as the spatial resolution along the direction normal to the B-scan image plane of the linear transducer array. The axial resolution is limited by both the speed of sound of the acoustic medium and the bandwidth of the transducer elements. The lateral resolution is mainly determined by the axial resolution and the synthetic aperture of the transducer array relative to the image reconstruction region. Usually the lateral resolution is a little worse than the axial resolution. However, the elevational resolution, which is determined by the element length and the cylindrical acoustic lens focus, is usually one order of magnitude worse than the axial resolution. Thus the poor elevational resolution will blur features along the elevational direction, and consequently yield conventionally stacked 3D images of low quality.
Step 2: 
